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(54) Global control method 

(57) A method of global control of the characteris- 
tics of the final controlled object by controlling a plurality 
of related controlled objects. Each controlled object 
being controlled by at least one control module, and that 
the control parameters for the input and output of each 
of the modules being developed by a evolutionary algo- 
rithm, such as a generic algorithm which at least follows 
the predetermined target characteristics of the final con- 
trolled object, or the conditions under which the control- 
led object is operating. 
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Description 

[0001] The present invention relates to a method of 
global control of the characteristics of the final control- 
led object by controlling a plurality of related controlled s 
objects. 

[0002] When global control is applied to a controlled 
object, normally information is received regarding a plu- 
rality of parameters such as the operating state of the 
controlled object, its operational environment, etc. 10 
[0003] With this control method, when the character- 
istics of the controlled object are linear, it is possible to 
express those characteristics as a simple function of 
input information and output information (degree of con- 
trol), but when the characteristics of the controlled 15 
object, an engine for example, are non-linear, the rela- 
tionship between the input information and the output 
information cannot be expressed as a function, and it is 
necessary to determine the output information values 
with respect to the input information by experiment or 20 
similar means. 

[0004] However, in recent years, with the increasing 
number, diversity and higher performance of control 
applications, the characteristics of the final controlled 
object are controlled through the exercise of control on 25 
a plurality of related controlled objects. Since such a 
control method requires that the control parameters for 
each of the controlled objects relating to the final con- 
trolled object be optimally maintained in their relation- 
ship with the other control parameters in order to obtain 30 
the target characteristics for the final controlled object, a 
great deal of time and work has to be expended empiri- 
cally determining these control parameters. 
[0005] Further, when using the foregoing conventional 
control method, it is necessary to Imagine the charac- 35 
teristics of the projected product user (preferences, 
skills, personality, operational, conditions) when design- 
ing and setting before delivery, but due to the individual 
differences and preferences among human beings, it is 
impossible to provide a product having characteristics 40 
satisfactory to all users. One method of making this 
determination is to allow the user to correct the settings 
according to his own preferences after purchasing the 
product, but when there are a number of controlled 
objects as described above, and when they are all inter- 45 
related, it would be necessary to correct the settings to 
maintain the optimal control parameters for all the con- 
trolled objects, and this is not easy, even for a knowl- 
edgeable expert. 

[0006] Accordingly, it is an objective of the present so 
invention to provide a method of global control as indi- 
cated above which facilitates that the various control 
parameters for the controlled objects can easily be opti- 
mized. 

[0007] To attain the foregoing objective, the present 55 
invention comprises a method of global control of the 
characteristics of the final controlled object by control- 
ling a plurality of related controlled objects, wherein 



each controlled object being controlled by at least one 
control module, the control parameters for the input and 
output of each of the modules being developed by an 
evolutionary algorithm, such as a genetic algorithm 
which at least follows the predetermined target charac- 
teristics of the final controlled object, the conditions 
under which the controlled object is operating. 
[0008] Such an evolutionary algorithm may be the 
EVONET. 

[0009] In that case, it is advantageous when said con- 
trol parameters in addition being evolved by the users 
characteristics for the controlled object, and/or the con- 
ditions under which the controlled object is operating. 
[0010] According to a preferred embodiment of the 
present invention, each controlled object being control- 
led by at least two control modules, the first being an 
autonomous evolution control module and the second 
being an interactive evolution control module. 
[0011] Preferably, said method is composed of three 
layers, a reflection-layer, a learning-layer, and an evolu- 
tion/adaptation layer. 

[0012] According to another embodiment of the 
present invention, said reflection layer receives informa- 
tion inputs about the external world, and as operational 
conditions or operational environment of the control 
object, and it contains a plurality of control modules 
which determine the extent of operation of various 
means controlling the plurality of controlled objects 
related to said final controlled object. 
[001 3] Further, it is advantageous when said learning 
layer, which learns the evoluted results of various con- 
trol modules of said evolution/adoption layer is equipped 
with the same number of control modules like said evo- 
lution/adoption laser and is capable to memorize past 
evolutionary results from the learning layer. 
[0014] According to a preferred embodiment of the 
present invention, said evolution/adoption layer being 
composed of an evaluation unit and an evolution/adop- 
tion unit. 

[001 5] Other preferred embodiments of the present 
invention are laid down in further dependent claims. 
[0016] In the following, the present invention is 
explained in greater detail with respect to several 
embodiments thereof in conjunction with the accompa- 
nying drawings, wherein: 

Figure 1 is a block diagram of the basic concept for 
the global control method of this invention. 

Figure 2 is a flow chart showing an example of 
serial evolutionary processing by the control mod- 
ules 1 through k in the evolution/adaptation layer. 

Figure 3 is a flow chart showing an example of par- 
allel evolutionary processing by the control modules 
1 through k in the evolution/adaptation layer. 

Figure 4 is a flow chart showing an example of the 
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serial evolutionary processing by the control mod- 
ules 1 through k in the evolution/adaptation layer. 

Figure 5 is a diagram showing the relationship 
between the engine 1 and the control apparatus 1 0 s 
that is exercising global control over. 

Figure 6 is a simplified block diagram of the forego- 
ing control apparatus 10. 

10 

Figure 7 is a simplified block diagram of the air 
intake volume control module. 

Figure 8 is a graph showing the example of several 
static properties of the throttle. is 

Figure 9 is a graph showing the example of several 
dynamic properties of the throttle. 

Figure 1 0 is a simplified block diagram of the air/fuel 20 
ratio control module. 

Figure 1 1 is a diagram of the neural network circuit 
used in the first control module and second control 
module. 25 

Figure 12 is a flow chart showing the flow of evolu- 
tionary processing of the first control module using 
a genetic algorithm. 

30 

Figure 13 is a conceptual diagram showing the 
Junction coefficients of the neural network circuit in 
the first control module being coded as genes. 

Figure 14 is a flow chart showing the flow of evolu- 35 
tionary processing of the second control module 
using a genetic algorithm. 

Figure 15 is a conceptual diagram showing the 
junction coefficients of the neural network circuit in 40 
the second control module being coded as if they 
were genes. 

Figure 16 is a diagram showing the preliminary 
evaluation processing for each individual on a time 45 
allotment basis. 

Figure 1 7 is a conceptual figure showing the way 
the instruction data is captured using the learning 
control module of the learning layer. so 

Figure 18 is a conceptual figure showing the learn- 
ing by the learning layer using a CMAC for only th£ 
new instruction data. 

55 

Figure 19 is a flow chart showing the global flow of 
control with regard to the parallel processing of evo- 
lution/adaptation layer and the learning layer. 



Figure 20 is a flow chart showing the global flow of 
control with regard to the serial processing of evolu- 
tion/adaptation layer and the learning layer. 

[0017] A number of embodiments of the global control 
method of this invention will be described below with ref- 
erence to the figures. 

[0018] Figure 1 is a block diagram showing the basic 
concept of the -global control method of this invention. 
As shown in the figure, this global control method is 
composed of three layers, a reflection layer, a learning 
layer, and an evolution/adaptation layer. 
[0019] The reflection layer receives information inputs 
about the external world such as operational conditions, 
or operational environment of the controlled object, and 
it contains control modules 1 through n which determine 
the extent of operation of various means that control the 
plurality of the controlled objects that are related to the 
final controlled object. The numerical relationship 
between the external world information and the various 
extents of operation for the control means may be incor- 
porated into the control system using a map, neural net- 
work, fuzzy neural network, or sub-supposition 
architecture, etc. 

[0020] The learning layer learning the evolved results 
for the various control modules 1 through k of the evolu- 
tion/adaptation layer is equipped with control modules 1 
through k Further, the learning layer has the capability 
to memorize past evolutionary results (characteristics 1 
through m) from the learning layer. If required, the past 
evolutionary results 1 through m may be made operator- 
selectable. 

[0021] In the above described global control method, 
the evolutionary processing performed by the various 
control modules 1 through k may be performed in paral- 
lel or in series. 

[0022] Figure 2 is a flow chart showing the example of 
parallel evolutionary processing being performed by the 
control modules 1 through k in the evolution/adaptation 
layer. In this case, the various control modules 1 
through k in the evolution/adaptation layer work in paral- 
lel unaffected by the evolutionary state of the other con- 
trol modules. At the conclusion of evolutionary 
processing, the evolutionary results are learned by the 
corresponding, control modules 1 through kin the learn- 
ing layer. Control is then exerted over the control mod- 
ules 1 through n of the reflection layer using the 
corrected values emitted by the modules 1 through k of 
the learning layer. 

[0023] After the. completion of evolution processing, 
the various modules 1 through k of the evolution/adap- 
tation layer can be operated over a specific time range, 
and then the evolutionary results can be reprocessed in 
the control modules I through k to improve their proper- 
ties. 

[0024] Figure 3 is a flow chart showing an example of 
the series evolutionary processing of the various control 
models 1 through k of the evolution/adaptation layer. In 
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this case, evolutionary processing by the control mod- 
ules 1 through k of the evolution/adaptation layer is 
implemented in a predetermined generation number 
sequence. When one of the control modules 1 through 
k is implements evolutionary processing, the other mod- 
ules are not doing so. The learning in the learning layer 
may be carried out at the conclusion of evolutionary 
processing by each of the control modules, or after 
processing has been completed by all the control mod- 
ules. When the evolutionary processing by all the con- 
trol modules 1 through k has completed a specific 
number of generations, the correcting outputs from the 
control modules 1 through k correct the control parame- 
ters used in the reflection layer to control the control 
modules 1 through n. 

[0025] After the conclusion of evolutionary process- 
ing, the control modules 1 through k of the evolution- 
ary/adaptation layer can be operated over a specific 
period of time, and then those evolutionary processing 
results can be sequentially reprocessed in evolving 
manner by the control modules to improve performance. 
It is further possible to allow the operator to directly 
implement such resumption of evolutionary processing. 
[0026] Figure 4 shows a flow chart of another exampl e 
of series evolutionary processing by the control mod- 
ules 1 through k of the evolution/adaptation layer. In this 
case, evolutionary processing by each of the control 
modules I through k of the evolution/adaptation layer is 
carried out until the evolutions from each control model 
converge. This convergence of the evolutions is based 
on the predetermined conclusions for evolution values. 
[0027] With the foregoing structure, because of the 
evolution/adaptation layer, the control parameters for 
the control modules of the reflection layer have evolved 
based on at least the target characteristics for the final 
controlled object, the user idlosyncracy, the final control- 
led object, the operating conditions for the controlled 
object, and/or the usage environment of the controlled 
object. Accordingly, the characteristics of the final con- 
trolled object are produced along the lines of the evolu- 
tion in the evolution/adaptation layer. 
[0028] Also, as shown in Figure 2, when evolutionary 
processing in the evolution/adaptation layer is parallel 
among the control modules, the characteristics of the 
control module evolution do not set the direction of the 
evolution of the (other) control modules, and accord- 
ingly, the diversity with which the performance can be 
improved through evolution growth. 
[0029] Further, as shown in Figures 3 and 4, when 
evolutionary processing of the various control modules 
in the evolution/adaptation layer is performed serially, 
evolutionary processing performed by the first control 
module sets the direction for the evolution, thereby 
allowing the evolution to converge in a short period of 
time, and to obtain the optimal values in a short period 
of time. 

[0030] Next, an implementation of the global control 
method of this invention applied to a vehicle engine will 



be explained (hereinafter meaning engines for any type 
of vehicle). 

[0031] Figure 5 is a diagram showing the relationship 
between the engine 1 and the global vehicle control 

5 method implemented by the control apparatus 10. 

[0032] The control apparatus 10 is structured to sup- 
port both good fuel economy and "drivability." For pur- 
poses of this specification "drivability" shall mean the 
engine output response characteristics when the throt- 

10 tie is operated. 

[0033] As is shown in the figure, the control apparatus 
10 receives inputs about the engine RPM, air intake 
negative pressure, amount of accelerator operation, 
atmospheric pressure, air intake temperature, coolant 

is temperature, eta It then operates the fuel injection 
device and the electronic throttle valve based upon 
these inputs to control the amount of fuel injection and 
amount of air intake to thereby exercise global control of 
the engine in order to obtain both good fuel economy 

20 and drivability. 

[0034] Figure 6 is a simplified block diagram of the 
foregoing control apparatus 10. 
[0035] The control apparatus 10 is composed of the 
above described reflection layer, learning layer and evo- 

25 lution/adaptation layer. 

(The Ref lection Layer) 

[0036] The reflection layer has an air intake control 
30 module controlling the amount of air intake and an 
air/fuel ratio module controlling the air/fuel ratio. 
[0037] The foregoing air intake control module, as 
shown in Figure 7, is the module that determines the 
aperture for the electronic throttle valve based upon the 
35 amount of accelerator operation. For purposes of this 
specification, the "accelerator displacement" includes 
information on both the actual "accelerator angle" and 
the "change in the accelerator displacement." At this 
point, the properties of the electronic throttle valve will 
40 be briefly described. The electronic throttle valve has 
both static properties and dynamic properties. The 
former are those properties that arise from the relation- 
ship between the accelerator angle and the electronic 
throttle valve, and they affect the normal running char- 
ts acteristics of the engine. Figure 8. is a graph showing a 
number of the static characteristics of the throttle. By 
changing these static characteristics, for example, high 
aperture accelerator output can be realized by such 
measures as opening the throttle valve wide when the 
so accelerator angle is small, gradually opening the throttle 
valve to full open as the accelerator displacement 
increases, or gradually opening, the throttle valve while 
the accelerator angle is small-, or, it is also possible to 
use a proportional control of the throttle aperture based 
55 upon the accelerator angle, or to obtain various throttle 
apertures for the same accelerator angle 20 settings. 
These static properties should be such that with 
increasing accelerator angle, there is a great change or 
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no change in the throttle aperture, and various (mathe- 
matical) functions may be used to obtain the desired 
results. Also, with regard to the latter electronic throttle 
valve characteristics, to wit, the dynamic characteristics, 
these are those characteristics that affect the extreme 5 
operating conditions for the vehicle that are determined 
by the rate of change of the throttle valve with respect to 
the rate of change of the accelerator displacement. 
Specifically, as is shown in Figure 9, by combining the 
primary delay with the incomplete differential, it is possi- to 
We to provide a low response arrangement by using 
slower throttle opening response to the operation of the 
accelerator-, a high throttle response arrangement by 
oper*ng the throttle in a very sensitive response to the 
degree of accelerator operation, which will produce 75 
some sprung, or a medium throttle response arrange- 
ment whetem the dynamic properties are between 
those of the other two 

[0038] As is shown in Figure 7, the air intake control 
. module receives inputs of the actual degree of acceler- 20 
ator depression and the static change unit then converts 
this to a static hypothet>cal amount of accelerator oper- 
ator! according to the actual accelerator displacement 
or operational settings, and then the dynamic change 
unit emts rts deter rrtnation of the electronic throttle 25 
aperture from the hypothetical accelerator displace- 
ment. In Figure 7 % 1 represents the input of the actual 
accelerator displacement, and the static conversion unit 
converts the actual accelerator displacement into a 
hypothetical one. and then the dynamic conversion unit 30 
emits the throttle vafve aperture based upon the hypo- 
thetical accelerator displacement In Figure 7, x 1 repre- 
sents the actual accelerator displacement. x2 the 
hypothetical accelerator displacement, y the throttle 
valve aperture, f the static characteristics function, T the 35 
primary time delay constant, Td the time differential, a 
the acceleration -pedal correction coefficient, and -q the 
gain differential. The static functions, the primary delay 
constant, the acceleration-pedal correction coefficient, 
the time differential and the gain differential can be mod- 40 
if ied with respect to each other. This embodiment will be 
explained on the basis of the user making a selection 
from among a number of different predetermined static 
functions, thereby determining the dynamic gain differ- 
ential, and evolving the primary time delay constant, the 45 
acceleration -pedal correction coefficient, and the time 
differential. In this illustration, the primary time delay, the 
acceleration -pedal correction coefficient and the time 
differential will be collectively termed "electronic throttle 
control parameters. " so 
[0039] The air/fuel control module, as shown in Figure 
1 0, consists of an engine sequence model prepared by 
using the control logic for the feed forward control with* 
learning capabilities to prepare the model, whereupon 
an amount of injected fuel determination unit deter- 55 
mines the amount of fuel to inject based upon the fore- 
going model output and the target air/fuel ratio. 
[0040] The aforementioned target air/fuel ratio is the 



value that is computed by the target air/fuel ratio com- 
puting unit based on the engine RPM and throttle aper- 
ture, that is corrected in the evolution/adaptation layer 
and in the learning layer as the corrected target air/fuel 
ratio value. 

(The Evolution/Adaptation Layer) 

[0041] The evolution/adaptation layer is composed of 
an evaluation unit and an evolution/adaptation unit. 
[0042] The evolution/adaptation unit is equipped with 
a first control module for the air intake control module of 
the reflection layer, and a second control module which 
relates to the air/fuel ratio control module. The evalua- 
tion units aire in place for each of the various control 
modules so that when the evolution/adaptation units 
evolve under a genetic algorithm, the evaluation units 
respond appropriately to the user idiosyncracy or to pre- 
determined objectives. 

[0043] Figure 1 1 (a) and (b) show specific examples of 
a first control module and second control module. As 
shown in the figure, the first control module is a circuit 
network comprising a two input, three-output type mod- 
ule that receives inputs of the normalized throttle aper- 
ture and normalized engine RPM data, and it then emits 
the corrections for the primary time delay constant for 
the air intake volume control module of the reflection 
layer, the corrected acceleration-pedal coefficient, and 
the time differential. The second controi module is a cir- 
cuit network comprising a two-input, one-output module 
that receives data about the normalized throttle aper- 
ture and the normalized engine R-PM and It outputs the 
amount of correction for the control of the air intake vol- 
ume. Here, the normalized throttle aperture is the elec- 
tronic throttle aperture information from the air intake 
volume controi module that has been normalized. 
[0044] If we take the Junction loads as coded genes 
in the neural network composed of the various control 
models in the evolution/adaptation layer, a number of 
chromosomes (individuals) are generated that are eval- 
uated in the evaluation unit, where they underad natural 
selection, while those that remain are used to breed 
more individuals for the next generation. Then, by 
repeating the natural selection processes, the evalua- 
tions of the various control modules in the evolu- 
tion/adaptation unit continue to evolve. 
[0045] The specifics of this evolution processing will 
now be further explained. 

[0046] Figure 1 2 is a flow chart that shows the flow of 
the evolution processing of the first control module 
using the genetic algorithm. 

[0047] First as shown in Figure 13, the junction coef- 
ficient for the neural circuit network that comprises the 
first control module is coded as a gene, which gener- 
ates a plurality (n) of individuals a (in this embodiment, 
n = 10) which comprise the first Generation (Step 1) . 
Here the gene values for the various individuals (to wit, 
the junction coefficient values in the neural network) 
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have an initial value that is randomly predetermined 
(within a range of about - 10 to 10). By canceling the 
output from the evolution/adaptation layer for one indi- 
vidual (individual a(1) in Figure 13), at this time, when 
learning has already been performed and the learning 
layer is emitting, it is also possible to maintain variety in 
the group of individuals during evolutionary processing 
without any loss of properties, even when there are 
restrictions on the number of individuals. 
[0048] Next, one of the individuals, a(n), generated in 
step one, e.g. the individual a(l) junction load is fixed in 
the first control module of the neural network circuit, and 
then the output x from the neural network with respect to 
the input of actual information (engine RPM and throttle 
aperture) is determined (Step 2). Then, using Formula 
(1), the output undergoes linear transformation to deter- 
mine first control module's output y 1 (to wit the elec- 
tronic throttle valves' correction to the control 
parameter) with respect to individual an (1) (Step 3). 
The normalized values for the input information of 
ngine RPM and throttle aperture values are used. 

y1 = 2xGx-X (1) 

, [0049] In the formula, y 1 is the output from the first 
control module, x is the output from the neural circuit 
network in the first control module, and G is the output 
gain from the evolution/adaptation layer. Thus, by using 
the output x from the neural network as a linear transfor- 
mation, the output y 1 from the first control module will 
not become an unduly high value, and global, the evolu- 
tion will proceed a little at a time so that the engine does 
not suffer any abrupt changes as a result of the evalua- 
tion and evolution. 

[0050] After determining the output y1 from the first 
control module for the individual a(1), the output y2 of 
the learning layer is determined (Step 4). The output y1 
from the first control module is then added to the output 
y2 from the learning layer to produce a correction Yn 
which, in the reflection layer, corrects the control param- 
eter for the electronic throttle control in the reflection 
layer to control vehicle operation. When the user feeds 
an individual a(1) for evaluation (Step 6), the degree of 
fitness the individual a(1) is evaluated (Step 7). 
[0051] The evaluation of the individual input by the 
user in the foregoing Step 6 can be realized when the 
operator pushes a button or other input device. Specifi- 
cally, when driver presses such a button, the length of 
time that the button is pressed can be used to determine 
the individual evaluation value in Step 7. The computa- 
tional method for calculating the evaluation method may 
be, for example, one which multiplies a constant coeffi- 
cient by the reciprocal of the time over which the button 
was pressed, or the length of time the button was 
pressed can be used in the computation of the fuzzy 
rules. Thus, even If there would be some vagueness In 
human evaluations, it is possible to obtain an evaluation 
value which offers some degree of correctness. Further, 



should the user press the button for more than a specific 
period of time, at that point, the individual being evalu- 
ated could be weeded out so that it will not affect the 
next generation. This makes it possible for the evolution 

5 to proceed at a high rate of speed. 

[0052] The above described processing in Steps 2 
through 7 is performed on all the individuals generated 
in Step 1. Then, after evaluating the fitness of alt the 
individuals (Step 8), a decision is made as to whether or 

10 not the specific generation number evolution processing 
should be carried out (Step 10). A rule-based selection 
process is used in this determination, and the fitness 
probability for each of the individuals is compared and a 
few parents are selected on that basis. 

is [0053] At this time, if generational succession is 
applied too strictly, there is a danger of destroying highly 
fit individuals. Accordingly, a combined approach having 
an elite preservation strategy is used. The elite (the fit- 
test individuals) is left to unconditionally succeed to the 

20 next generation. Further, the fitness undergoes linear 
transformation by maintaining a constant ratio between 
the maximum fitness of a plurality of individuals and the 
average fitness. 

[0054] When the selection of the parent individuals 

25 has been completed, the parent individuals are then 
bred to produce 10 children individuals as a second 
generation (Step 11). The method for the breeding 
among individuals may be a 1 point breeding. 2 point 
breeding, or breeding using a normalized distribution. 

30 [0055] What is meant by breeding using a normalized 
distribution is a method under which the chromosomes 
(individual) that express the actual numerical values 
produce children which are generated according to nor- 
malized distribution in the rotational symmetry along an 

35 axis that joins the parents. The istandard deviation of the 
normalized distribution is made proportional to the dis- 
tance between parents in the axial direction of the line 
joining parents, and the other axial component is made 
proportional to the distance along a perpendicular that 

40 runs between a third parent sampled from the group 
and the line joining the two parents. This breeding 
method has the advantage of facilitating the transfer of 
the attributes of parent to child. 

[0056] Further, at a constant probability, the 10 chil- 
45 dren individuals that were generated are randomly 
altered with the genes (degree of connection), which 
causes gene mutations. Among these 10 child individu- 
als, there is one which can cancel the output from the 
above described evolution/adaptation layer. 
so [0057] With the above processing, after the generation 
of the second generation, the evolution processing then 
proceeds again from Step 2. 

[0058] The above described evolutionary processing 
is repeated over a predetermined number of genera- 
55 tions. By so doing, it is possible for the children over 
successive generations to be evaluated in the evalua- 
tion unit-, in other words, to be weeded out according to 
user preferences before generating the next generation. 
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Accordingly, evolution can proceed on basis of the 
input/output function of the first control module adjusted 
to user preference. Step 9 determines whether or not 
the process has completed the predetermined number 
of generations, and when it encounters the final gener- 
ation, the individual with the highest degree of fitness 
(the most fit individual) is selected from the 10 individu- 
als in that group (elite) (Step 12). The junction coeffi- 
cient of the neural network in the first control module is 
used to affix the genes comprising the foregoing elite 
individual (Step 1 -3), and then learning processing, is 
carried out in the learning control module of the learning 
layer. 

[0059] Next, the evolution processing by the second 
control module of the evolution/adaptation layer will be 
explained. 

[0060] Figure 14 is a flow chart showing the evolution 
of the second control module according the genetic 
algorithm. 

[0061 ] First, as shown in Figure 15, a plurality of indi- 
viduals a(n) (in this embodiment n = 10) are generated 
as the first generation using the junction coefficient of 
the neural network in the second control module for 
gene coding (Step 1). 

[0062] Next, using a similar method for the evolution 
processing as the above described first control module, 
a single individual was used for the correction Yn 
obtained by adding the output yl of the second control 
module to the output y2 of the learning module. To wit, 
the correction of the target air/fuel ratio was computed 
in the reflection layer, and this corrected amount was 
added and used as the target value by the air/fuel ratio 
control module to perform the actual control (Step 2 
through Step 5). Those results are then used to com- 
pute a preliminary evaluation 10 value (Step 6). 
[0063] The processing of the preliminary evaluation in 
Step 2 through Step 6 above uses a time allotment to 
cycle through all the individuals for a specific number of 
cycles. Specifically, as shown in Figure 16, the air/fuel 
ratio control is carried out for one minute each with 
respect to all the individuals to complete one cycle, and 
this procedure continues over the specified number 1 5 
of cycles. 

[0064] The preliminary evaluation values for each indi- 
vidual in the various cycles, for example the fuel con- 
sumption, is evaluated over the time period when that 
individual is active. 

[0065] In Step 7, a determination is made whether the 
preliminary evaluation processing has proceeded 
through the required number of cycles, and a global 
evaluation value is computed for each individual. The 
global evaluation value for each individual is used to 
compute the running distance during preliminary evalu- 
ation processing and the total of the preliminary evalua- 
tion value (to wit, that divided by the total fuel 
consumption) is computed for each individual. 
[0066] Thus, by performing time division processing of 
the individuals in the same generation over a specific 



number of evaluation cycles, it is possible to make a fair 
evaluation of the properties of all the individuals that 
approximates the changes during, vehicle operation 
such as gear changes and the grade angle of the road. 

5 [0067] After completion of evolution processing in the 
above described Steps 2-8, just as was the case for the 
method used by the first control module, parent individ- 
uals are selected and the next generation is produced 
(Steps 10 and 11). The same evolution processing is 

10 then performed on the individuals in the new genera- 
tion. 

[0068] The foregoing evolution processing is repeated 
over a predetermined number of generations. By means 
of this process, since the individuals in each generation 

is are evaluated in the evaluation unit and weeded out 
according to their fuel consumption properties, before 
breeding the next generation, the evolution is such that 
the input/output relationship causes the fuel consump- 
tion properties to be successively improved. 

20 [0069] When the evolution reaches the specified gen- 
eration number, the elite individual is selected from the 
individuals of that generation (Step 12), and then the 
junction coefficient of the neural network circuit of the 
first control module is used to affix the gene of the afore- 

25 mentioned most fit individual (Step I')), and then the 
process shifts to learning processing with respect to the 
learning control module in the learning layer. 

(Learning) 

30 

[0070] Next, the learning layer will be explained in 
detail. 

[0071 ] When there is an output from the various con- 
trol modules following the evolution in the evolu- 

35 tion/adaptation layer (in the case of this embodiment, 
this involves the corrections to the control parameters 
for the electronic throttle and the correction for the target 
air/fuel ratio) that output is learned, and even after com- 
pletion of evolution processing, the output from the evo- 

40 lution/adaptation layer is reflected to the reflection layer. 
In case the outputs from the various control modules in 
the evolution/adaptation layer have information that is 
not dependent is upon the operating state of the vehicle, 
in other words, when the various control modules do not 

45 receive information on the operating state, it is adequate 
to simply add the output values from the control mod- 
ules in the evolution/adaptation layer to the outputs from 
the control modules of the learning layer. However, 
when the control modules of the evolution/adaptation 

so layer emit information that is dependent on the operat- 
ing condition of the vehicle, it is necessary to learn the 
operating state of the engine as well as its relationship 
with the output of tile control modules of the evolu- 
tion/adaptation layer, and for this purpose, the learning 

55 la-layer is equipped with a learning control module and 
an implementing control module. In the case of the 
present embodiment, since both the first and second 
modules of the evolution/adaptation layer are composed 
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of neural networks which receive inputs of the operating 
state of the engine in the form of the engine RPM, the 
learning layer, uses an implementation control module. 
The learning layer, such as is shown in Figure 6, is 
equipped with control modules that correspond to the 
various control modules of the evolution/adaptation 
layer, and though these control modules are not shown 
in the figure, they are composed of two control modules. 
While one of the two control modules is functioning to 
control implementation, the other control module is 
used for learning, and their structure is such that these 
two functions can be interchanged between them. Thus, 
for each of the control modules to be able to perform 
learning, they may be composed of a circuit such as a 
neural network circuit, CMAC, etc. to fulfill this function. 
[0072] When the evolution has proceeded in the vari- 
ous modules of the evolution/adaptation layer to the pre- 
scribed generation number, the neural network circuits 
comprising those modules generate ah optimal junction 
coefficient which is fixed in the learning layer. At that 
time, as shown in Figure 17, for the relationship 
between the input and output of the control modules in 
the evolution/adaptation layer by each module, the con- 
trol module in the learning layer that is functioning as an 
implementation means captures the instruction data 
along with the input/output relationships in the control 
modules. 

[0073] When the instruction data of each control mod- 
ule is captured, the control module for learning in the 
learning layer begins learning based upon the captured 
instruction data. Upon completion of learning, functions 
are switched with the implementation control module, 
and the output from the various control modules in the 
evolution/adaptation layer is either zeroed out or set 
with the next evolution processing output . While the 
control module in the learning layer is learning, the var- 
ious control modules of the evolution/adaptation module 
have fixed the optimal junction coefficient and they con- 
tinue to emit the correction data for the electronic throt- 
tle control parameter and for the correction for the target 
air/fuel ratio. The correction that is obtained by adding 
the output from the evolution/adaptation layer to that of 
the implementing control module of the learning layer is 
used to control the reflection layer. Also, the initial imple- 
mentation control value in the learning layer may be set 
so that it is normally zero. By so doing, during the initial 
state, control can be applied in the reflection layer with 
only the output from the evolution/adaptation layer. 
[0074] In case the control module in the foregoing 
learning layer is a neural network circuit, learning may 
be performed using conventional learning methods, but 
if the control module is composed of a CN/IAC, it is pos- 
sible to increase the learning efficiency by learning just 
the newiy captured instruction data as shown in Figure 
18. 

[0075] As is shown in Figure 1 9. evolution processing 
by the above described first control module and second 
control module as well as processing in the learning 



module occur in parallel. 

[0076] Figure 19 is a flow chart that shows evolution 
processing and learning processing of the first control 
module being performed in parallel with evolution 

s processing and learning processing performed in the 
second control module. As indicated in this flow chart, 
after first setting the static characteristics for the throttle, 
evolution processing and learning processing are per- 
formed in parallel in the first control module and second 
io control module. Upon completion of the evolution and 
learning processing, control is applied using the control 
modules in the reflection layer and the learning layer. 
Also, even after the completion of the evolution process- 
ing and learning processing in each control module. 

15 evolution processing is continued in the control modules 
of the evolution/adaptation layer over a specific period 
of time, thereby improving the results by again perform- 
ing evolution processing and learning those results. 
[0077] Thus, by means of evolution processing and 

20 learning processing by the control modules in parallel, 
the evolution of one control module is not drawn in the 
evolutionary direction of the other control module. 
[0078] , When the user reads junction coefficients 
which were stored in an external memory and operates 

25 the learning layer based on these junction coefficients, 
it is possible to implement an arrangement wherein no 
check is performed regarding-the discrepancy with the 
control rules in the evolution/adaptation layer, and the 
output from the evolution/adaptation layer is held at 

30 zero; then, upon command by the user, the evolu- 
tion/adaptation layer processing can be resumed. 
[0079] As described above, because the evolution and 
weeding out implemented by the first control module is 
based on the user's instruction to achieve the desired 

35 performance of the air intake volume control means, to 
wit, the evolution of the drivability, and because the per- 
formance of the air/fuel ratio control means, to, wit, the 
fuel economy performance, evolves by a weeding out 
procedure carried out in the second control module, the 

40 engine can achieve the drivability sought by the user as 
evolution proceeds comprehensively to select the con- 
trol conditions that maintain optimum fuel economy. Fur- 
ther, because the user is able to interfere with the 
evolution evaluation, the user can experience the fun of 

45 influencing himself the controlled object. 

[0080] Therefore, the system has at least two control 
modules, a so-called autonomous evolution module and 
a so-called interactive module. 

[0081] The above description was based on an 
so embodiment to exert global control of a vehicle wherein 
the user sets the static characteristics of the throttle and 
wherein only the dynamic characteristics of the throttle 
did evolve, but the invention is not limited to this embod- 
iment, rt would also be possible to use a global combi- 
55 nation of evolution, wherein independent control 
modules would be established in the evolution/adapta- 
tion layer for both static properties and dynamic proper- 
ties. Further, if such independent control modules were 
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used in the evolution/adaptation layer for dynamic and 
static properties, their evolution processing could be 
conducted in parallel, or one set of properties, prefera- 
bly the static properties, could be made to evolve first 
and be set into the control module and the evolution of 
the other could follow. 

[0082] Further, in the embodiment that used a global 
control method for vehicles, the evaluation was per- 
formed, on the basis of fuel economy, by evolution in the 
second control model of the evolution/adaptation layer 
which computes the correction of the target air/fuel ratio 
of the air/fuel control module in the reflection layer, and 
on the basis of a user selected evolution in the first con- 
trol module of the evolution/adaptation layer that com- 
putes the amount of control parameter conection for the 
electronic throttle in the air intake control module of the 
reflection layer, however, the invention is not restricted 
to these evaluation principles. Therefore, the system 
has at least two control modules, a so-called autono- 
mous evolution module and a so-called interactive mod- 
ule. For example, fuel economy could be used as the 
basis for the evolution in the first control module in the 
evolution adaptation layer, and the user selection could 
be used as the basis in the second control module. 
Thus, evolution is implemented to obtain highly efficient 
control of the electronic throttle with no lean spikes 
appearing in the control module for the air intake vol- 
ume. Further, since the user preferred air/fuel ratio may 
be used in the air/fuel ratio control module, should the 
user emphasize drivability, then the air/fuel ratio can be 
controlled to produce more power. 
[0083] Further, in this embodiment of a global control 
method for vehicles, the evolution processing of the first 
and second control modules in the evolution/adaptation 
layer was performed in parallel, but the invention is not 
confined to using that method. For example, it may be 
performed in series as shown in Figure 20. In this case, 
while one of the control modules was carrying out evo- 
lution processing and learning processing, the other 
would not - the junction coefficient would remain in 
place in that control module, and the evolution and 
learning processing would then alternate between mod- 
ules. By fixing, the junction coefficient in the other con- 
trol module while one control module is implementing 
evolution and learning processing, it is possible to have 
the evolution processing results by the two modules 
being reflected mutually to advance evolution based 
upon this coordination between the two modules. 
[0084] It is further possible to include only the control 
module for user directions in the evolution layer to carry 
out evolution processing. This arrangement more heav- 
ily favors user preferences, and allows the evolution to 
proceed quicker. 

[0085] Further still, the control modules in the reflec- 
tion layer in this embodiment of a global control method 
for vehicles was divided between an air intake volume 
control module and an air/fuel ratio control module, and 
corresponding modules were used in the learning layer 



and the evolution/adaptation layer. However, there is no 
need to separate the control modules For example, in 
engines where the length of the air intake can be con- 
trolled, an air intake length control module can be added 
5 without requiring changes in the existing, control mod- 
ules. 

[0086] Further, the criteria for evolution in the evolu- 
tion/adaptation layer in this embodiment of a global con- 
trol method for vehicles were user-preferences and fuel 
10 economy, but the invention is not limited to these crite- 
ria; any desired criteria may be used to set the type and 
direction for the control modules in the reflection layer. 
[0087] Even further, the evolution processing by the 
various control modules was halted after a specific 
15 number of generations in the present embodiment of a 
global control method for vehicles, but the invention is 
not so limited, the control modules could also continue 
to evolve until convergence was reached. 
[0088] As described above, the embodiment was 
20 described in terms of a Cylobal control method for vehi- 
cles, but the controlled object is not confined to vehicles, 
the invention may be used to control other controlled 
objects. 

[0089] As described above, this invention provides a 
method of global control of the characteristics of the 
final controlled object by controlling a plurality of related 
controlled objects, wherein the global-control method is 
characterized by each controlled object being controlled 
by a control module, the control parameters for the input 
and output of each module being developed by evolving 
a genetic algorithm which at least follows the predeter- 
mined target characteristics of the final controlled 
object, the user characteristics for the controlled object, 
and/or the conditions under which the controlled object 
is operating, thereby allowing setting optimal control 
parameters in a short period of time, and even in cases 
when the final controlled object has non linear charac- 
teristics, the method does not require experimental data 
that can only be obtained through large expenditures of 
time and effort. 

[0090] Because, while one control module is perform- 
ing evolutionary processing, other control module(s) are 
putting control parameters in place, it is possible to limit 
the extent of the directionality in the evolution of the con- 
trol modules, thereby enabling the optimal control 
parameter values to be obtained in a short period of 
time. 

[0091] Also, when evolutionary processing is per- 
formed in a plurality of control modules and takes place 
in parallel, there are no restrictions upon the direction of 
evolution in the control modules, and this feature broad- 
ens the diversity of the evolution. 
[0092] Further stall, when evolutionary processing for 
each module is performed until the evolutions for the 
control modules converge* control can be exercised at 
that point using a control parameter at its optimal value. 
[0093] Additionally, when evolutionary processing for 
each module is performed over a predetermined 
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number of generations, it is possible to keep lower the 
time needed for evolution processing each module, and 
accordingly, to shorten the global evolution processing 
time so that the results of the completed evolution 
processing can be reflected in the final controlled object 5 
within a very short time. 

[0094] Also, when the final controlled object is an 
engine, and when the control parameters to control the 
air intake volume control means with respect to the 
amount of accelerator operation are evolved using a 10 
genetic algorithm, the lean spikes in the exhaust air/fuel 
ratio can be reduced while improving fuel economy and 
exhaust emissions. Further the driving properties can 
be changed according to driver taste, and then the time 
required for developing the control parameter can be 15 
reduced, as can the costs involved in the control 
method. 

[0095] Further, varying the static properties of the air 
intake volume control means with respect to the amount 
of accelerator operation has the effect of changing the 20 
driving characteristics while the vehicle is operating nor- 
mally. Also, by changing the dynamic characteristics of 
the air intake volume control means with respect to the 
amount of accelerator operation, it is possible to change 
the driving characteristics of the engine during extreme 25 
operations. Figure 2 



26 = control module 2, properties 1 

27 = module 2, properties 2 

28 = module 2, properties n 

29 = initial settings for control parameter group 2 

30 = control parameter group 2 

31 = control module 2 

32 = control module evaluation unit 

33 = correction for control parameter group k 
33b = control module k t individual 1 

34 - module k % individual 2 

35 = module k t individual n 

36 = correction for control parameter group k 

37 = control module k, properties 1 

38 = module /c, properties 2 

39 = module k, properties n 

40 = setting initial values for control parameter 
group k 

41 = control parameter group k 

42 = evaluation unit 

43 = control module individual group 

44 = specific properties 

45 = output 

46 = control module 

47 = final controlled object 
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Figure 1 //key to Fig. 2// 

//key to Fig. 1// 30 [0097] 

[0096] 

1 = user 

2 = ambient information input 

3 = evaluation 

4 = selection 

5 = evolution/adaptation layer 

6 = control module 1 evaluation unit 

7 = correction for control parameter group 1 

8 = control module 1 , individual 1 

9 = individual 2 

10 = individual n 
11= learning layer 

12 = correction for control parameter group 45 

13 = control module properties 1 

14 = module properties 2 

15 = module properties n 

16 = reflection layer 

17 = initial settings for control parameter group 1 50 

18 = control parameter group 1 

19 = control module 1 

20 = control module 2 evaluation unit 

21 = correction for control parameter group 2 

22 = control module 2, individual 1 55 
22 = module 2, individual 2 

24 = module 2, individual n 

25 = correction for control parameter group 2 



A = Start 

B = evolution of the first control module 
C = first control exercised by the control modules in 
the reflection and learning layers. 
D = no improvement in properties 
E = evolved for specific time frame and evaluation 
of the first control module properties. 
F = improvement in properties 
G = evolution of the 2 nd control module 
H = second control exercised by the control mod- 
ules in the reflection and learning layers 
I = no improvemnent in properties 
J = evolved for specific time frame and evaluation of 
the 2 nd control module properties. 
K = improvement in properties 
L = evolution of the k control module 
M = k m control exercised by the control modules in 
the reflection and learning layers 
N - no improvement in properties 
O = evolved for specific time frame and evaluation 
of the second control module properties. 
P s improvement in properties 
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Figure 3 

//key to Fig. 3// 
[0098] 

A = start 

B = evolution of the first control module and affixing 
in other control modules 

C = Has the required number of generations been 
reached? 

D = evolution of the second control module and 

affixing in other control modules 

E = Has the required generation number been 

reached? 

F = evolution of the /c th control module 

G = Has the required generation number been 

reached? 

H = Control by the control modules in the reflection 
and learning layers 
I = evolution halted 

J = control by the control modules in the reflection 
and learning layers 
K = Evolution continued 

Figure 4 

//key to Fig. All 
[0099] 

A = start 

B = evolution of the first control module and affixing 
in other control modules 

C = Has the required generation number been 
reached 

D = evolution of the second control module and 

affixing in other control modules 

E = Has the required generation number been 

reached? 

F =s evolution of the k ih control module and affixing 
in the other modules 

G = Has the second module completed evolution? 

H = Control by the control modules in the reflection 

and learning layers 

I = no improvement in properties 

J = Control modules each subjected to evolution 

over a specific period of time before evaluating 

properties 

K = improvement in properties 
Figure 5 
//key to Fig. 511 
[0100] 

A = fuel injection apparatus 



B = air cleaner 

C = electronic throttle 

D = air intake negative pressure 

E = temperature of air intake 
5 F = amount of fuel injection 

G = electronic throttle aperture 

H = air/fuel ratio 

I = engine RPM 

J = control apparatus 10 
10 K = coolant temperature 

L = barometric pressure 

M = amount of accelerator operation 

N = evaluation value 

is Figure 6 

//key to Fig. &l 
[0101] 

20 

1 = user 

2 = external information input 

3 = Inputs of engine RPM, pressure, intake nega- 
tive pressure, intake temperature, coolant tempera- 

25 ture, and vehicle speed to the throttle 

4 = evaluation 

5 = selection 

6 = evolution/adaptation layer 

7 = drivability evaluation unit 

30 8 = correction for electronic throttle control parame- 
ters 

9 = drivability module, individual 1 

10 = drivability module individual 2 

1 1 = drivability module individual n 
35 12 = learning layer 

13 = correction for electronic throttle control param- 
eter 

14 = drivability module, properties 1 

15 = drivability module, properties 2 
40 16 = drivability module, properties n 

17 = reflection layer 

18 = initial settings for electric throttle control 
parameters 

19 = electronic throttle control parameters 
45 20 = electronic throttle control module 

21 = fuel economy evaluation 

22 = evaluation unit 

23 = correction for target air/fuel ratio 

24 = fuel economy module, individual 1 
so 25 = fuel economy module, individual 2 

26 = fuel economy module, individual n 

27 = correction for target fuel economy 

28 = fuel economy module, properties 1 

29 = fuel economy module, properties 2 
55 30 = fuel economy module, properties n 

31 = setting the initial target air/fuel ratio 

32 = target air fuel ratio. 

33 = air/fuel ratio control module 
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34 = control module's group of individuals 

35 = special properties 

36 = basic control algorithm 

37 = throttle valve aperture 

38 = amount of fuel injection 

Figure 7 

//key to Fig. Ill 

[0102] 

A = throttle input x1 

B = change of static properties 

C = hypothetical throttle input x2 

D = primary delay filter 

E = incomplete differential filter 

G ~ throttle valve aperture 

Figure 8 

//key to Fig. 8// 
[0103] 

- A = throttle valve aperture 
B « throttle input 

C = quick acceleration-pedal at low aperture 
D = linear 

E = quick acceleration-pedal at high aperture 

Figure 9 

//key to Fig. 911 

[0104] 

A = throttle aperture 
B = input 
C = time 

D = throttle valve aperture 

E = throttle valve aperture 

F = throttle valve aperture 

G = primary delay 

H = incomplete differential 

I = primary delay + incomplete differential 

J = time 

Figure 10 

Figure 10 

//Key to Fig. 10// 
[0105] 

A = computing unit for target air/fuel ratio 
B = external information 



C = evolution/adaptation layer, learning layer 
D = unit to determine amount of fuel injection 
E = air/fuel ratio control module 
F = instruction data for learning 
s G = engine sequence module 

H = amount of fuel injection 

Figure 11 

io //key to Fig. 11// 
[0106] 

A = normalized throttle aperture 
15 B = normalized engine RPM 

C = primary delay time constant 

D = acceleration-pedal correction coefficient 

E = differential time 

F = (a) drivability module 
20 G a normalized throttle aperture 

H - normalized engine RPM 

I = correction to target air/fuel ratio 

J = (b) fuel economy module 

25 Figure 12 
//key to Fig, 12 
[0107] 

30 

A = start 

B = loading the first control module with neural net- 
work junction coefficient to produce 10 individuals 
an (n = 10) 

35 C = using individual an's junction coefficient, output 
x from the first control module's neural net deter- 
mined. 

D = Determination of output y1 from first control 
module from the neural network output. 
40 E = determination of the output y2 of the learning 
control module 

F = engine control with the y1 and y2 added to con- 
trol parameters 
G = evaluation value input 
45 H = fitness evaluation for individuaJ an 

I = Has the fitness been evaluated for all individu- 
als? 

J = Have the required number of generations 
passed? 

so K = a number of parents selected from among the 
10 individuals 

L = a next generation group of 10 individuals is gen- 
erated breeding and mutating 
M = selection of elite (most fit) from 10 individuals 
55 N = fixing the most fit individuals junction coefficient 
in the neural net of the first control module 
O = to learning in the learning control module 
S = Step No. 
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[0108] 



A = normalized throttle aperture 

B = normalized engine RPM 

C = primary delay time constant 

D = acceleration-pedal correction coefficient 

E = time differential 

F = individual a(1) 

G = individual a(8) 

H = individual a(10) 

N =f ixing the most fit individuals junction coefficient 
in the neural net of the first control module 
O = to learning in the learning control module 
S = Step No. 
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Fig. 14 
[0109] 

A = start 

B as 10 individuals, an(n =1-10) generated by the 

coding of the junction coefficient of the neural net in 

the second control module 

C =output x of second control module neural net 

determined by junction coefficient for individual an 

D = output y1 of the second control module neural 

net determined from neural net output 

E =determination of the output y2 of the learning 

control module 

F = y2 added to y1 and used as engine control 
parameter 

G = preliminary evaluation value computation 

H = Have the required number of cycles for 

processing prelim value been completed? 

I = global evaluation process ng 

J = Has the required generation number been 

reached? 

K = A number of parents selected from 10 individu- 
als 

L = Breeding, Mutation: 10 children generated for 
the next generation group of individuals 
M = elite (fittest individuals) chosen from the group 
of 10 

Figure 15 

//key to Fig. Sit 
[0110] 

A = normalized throttle aperture 

B = normalized engine RPM 

C = correction to target air/fuel ratio 

D = individual a(1) 

E = individual a(8) 

F = individual a(10) 



//key to Fig. 16// 

[0111] 

A = gear position 
B = speed (km/h) 
. C = grade angle of road (deg.) 
D = running pattern 
E = time 
F = 1 cycle 

Figure 17 

//key to Fig. 17// 

[0112] 

A = throttle input 

B = engine RPM 

C = throttle input 

D = engine RPM 

E = evolution/adaptation layer 

F = drivability module, most fit individual 

G = Learning layer 

H = drivability module properties 

I = fuel economy module, most fit individual 

J = fuel economy module properties 

K ^correction to target A/F ratio 

L = correction to elect, throttle control parameter 

M = data capture while operating (the shaded 

squares) each module independently evolves 

input/output data 

N = throttle input 

O = engine RPM 

P = output data for target A/F ratio 

Q = output data for elect, throttle control parameters 



40 Figure 18 

//key to Fig. 18// 
[0113] 

45 

A - collecting the newly acquired instruction data 
B = Learning 

Figure 19 

//key to Fig. 19// 
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[0114] 



A = start 

B = setting static properties for throttle 
G = evolution of fuel economy module 
D =fuel injection control by the control module in the 



13 



25 



EP0 957 416 A1 



26. 



reflection and learning layers 
E = no improvement in properties 
F = evolution/adaptation layer operated over spe- 
cific time periods fuel economy properties evalu- 
ated 

G = properties improve 

H = evolution of the drivability module 

I = electronic throttle control by the reflection and 

learning layers 

J = evolution/adaptation layer operated over spe- 
cific time periods to evaluate drivability 
K = no improvement in properties 
L = properties improve 

Figur 20 

//key to Fig. 20// 
[0115] 

1 = start 

2 = evolution of first module (fixing in the second 
control module) 

3 = evolution in the second control module (fixing in 
the first control module) 

4 = control parameters corrected by output of cor- 
rection from the learning layer are used to control 
the reflection layer 

5 = designation by the user, or periodic evaluation 
by the system 

6 = no improvement in properties 

7 = properties improve 

Claims 

1 . A method of global control of the characteristics of 
the final controlled object by controlling a plurality of 
related controlled objects, characterized in that 
each controlled object being controlled by at least 
one control module, and that the control parame- 
ters for the input and output of each of the modules 
being developed by a evolutionary algorithm, such 
as a generic algorithm which at least follows the 
predetermined target characteristics of the final 
controlled object, or the conditions under which the 
controlled object is operating. 

2. Method according to claim 1 , characterized in that 
said control parameters in addition being developed 
by the users characteristics for the controlled 
object, and/or the conditions under which the con- 
trolled object is operating. 

3. Method according to claim 1 or 2. characterized in 
that each controlled object being controlled by at 
least two control modules, the first one being an 
autonomous evolution control module and the sec- 
ond being an interactive evolution control module. 



4. Method according to at least one of the preceding 
claims 1 to 3, characterized in that said method is 
composed of two layers or three layers, such as a 
reflection layer, a leading layer and an evolu- 

5 tion/adoption layer. 

5. Method according to claim 4, characterized in that 
said reflection layer receives information inputs 
about the external world, and as operational condi- 

10 tions or operational environment of the control 
object, and it contains a plurality of control modules 
which determine the extent of operation of various 
means controlling the plurality of controlled objects 
related to said final controlled object. 

.15 

6. Method according to claim 4 or 5, characterized in 
that said learning layer, which learns the evoluted 
results of various control modules of said evolu- - 
tion/adoption layer is equipped with the same 

20 number of control modules like said evolution/adop- 
tion laser and is capable to memorize past evolu- 
tionary results from the learning layer. 

7. Method according to claim 6, characterized in that 
25 said past evolutionary results are operator-selecta- 
ble. 

8. Method according to at least one of the preceding 
claims 4 to 7, characterized in that said evolu- 

30 tion/adoption layer being composed of an evalua- 
tion unit and an evolution/adoption unit. 

9. Method according to at least one of the preceding 
claims 1 to 8, characterized in that while one con- 

35 trol module is implementing evolutionary process- 
ing, other control module(s) fixing control 
parameters. 

10. Method according to at least one of the preceding 
40 claims 1 to 9, characterized in that the evolution-. 

ary processing implemented in a plurality of control 
modules takes place in parallel. 

11. Method according to claim 9 or 10, characterized 
45 in that evolutionary processing for each module is 

performed until there is convergence of the evolu- 
tion for the control modules. 

12. Method according to claim 9 or 10, characterized 
so in that evolutionary processing for each module is 

performed over a predetermined number of gener- 
ations. 

13. Method according to at least one of the preceding 
55 claims 2 to 12, characterized in that the aforemen- 
tioned operator characteristics include at least one 
of the characteristics of the operator's preferences, 
skill and condition. 
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14. Method according to claim 13, characterized in 
that the operator's preferences are determined by 
the length of time that he operates the appropriate 
input apparatus. 

5 

15. Method according to at least one of the preceding 
claims 2 to 14, characterized in that the opera- 
tional condition for the foregoing controlled object 
utilizes the changes over time of the controlled 
object and/or it usage frequency. ' io 

16. Method according to at least one of the preceding 
claims 2 to 15, characterized in that the final con- 
trolled object is an engine, and at least one of a plu- 
rality of controlled objects to control the properties is 
of said engine is the air intake volume, and the 
module controlling the air intake volume imple- 
ments at least one input of the accelerator displace- 
ment, while it then emits a signal of operational 
displacement for the air intake volume control 20 
means. 



17. Method according to claim 16, characterized in 
that the control parameters for the control module 
controlling the foregoing air intake volume includes 25 
a parameter for the static effects that the amount of 
accelerator operation have on the air intake volume 
control means. 



18. Method according to claim 16 or 1 7, characterized 30 
in that the control parameters for the foregoing 
control module controlling the foregoing air intake 
volume includes a parameter for the dynamic effect 
of the accelerator displacement upon the air intake 
volume control means. 35 



19. Method according to claim 18, characterized in 
that the control parameter affecting the foregoing 
dynamic characteristics include at least one of a 
primary delay time constant with respect to the 40 
amount of operation of the accelerator, an acceler- 
ation-pedal correction constant, the time differen- 
tial, and the differential gain. 

20. Method according to at least one of the preceding 45 
claims 1 to 19, characterized in that the final con- 
trolled object is an engine and at least one of the 
plurality of the controlled objects for controlling the 
characteristics of said engine is the amount of fuel 
injection, and the control module controlling the so 
amount of fuel injection receives data inputs of at 
least the operating state of the engine, and emits 

the amount of operation of the fuel injection device." 

21. Method according to claim 20. characterized in ss 
that the control parameters for the control module 
controlling foregoing amount of fuel injection 
includes the target air/fuel ratio. 
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